We present and describe new fossils from the Eocene North African localities of Chambi (Tunisia; late Ypresian or early Lutetian) and Bir el Ater (Algeria; latest Bartonian or earliest Priabonian). The specimens from Chambi allow recognizing two recently described hyainailourines: Furodon crocheti and Parvavorodon gheerbranti; these taxa were previously known from the Gour Lazib area (Algeria; late Ypresian or early Lutetian). The new material from Tunisia includes a fragmentary dentary of Parvavorodon that substantially supports the hyainailourine status of this genus and represents the oldest dentary fragment presently known for a juvenile of Hyaenodonta in Africa. The presence of Furodon and Parvavorodon in Chambi strengthens support for the hypothesis of contemporaneity of the Eocene Gour Lazib and Chambi mammalbearing localities. In addition, the find of a typical teratodontine fourth premolar in Chambi testifies to the presence of a small representative of this group. The fossil record in Bir el Ater is scarcer than in Chambi. However, we recognize specimens attributable to a hyainailourine and a teratodontine. The latter is referred as Masrasector cf. ligabuei, and is the oldest record for this genus. We tentatively identify a modification of the hyaenodont fauna in the Maghreb after the "Early Eocene Climatic Optimum" (EECO). This faunal change might be related to the decrease of the global temperature after the EECO event. It appears contemporaneous of a drastic replacement in the composition of the mammal faunas in Africa. Finally, the end of the Eocene (Priabonian) shows an increase in the subfamilial richness amongst hyaenodonts.
INTRODUCTION
The hyaenodonts are extinct placental carnivorous mammals that were successful during the Paleogene in Africa (e.g., Savage, 1965; Holroyd, 1994) and Laurasia, especially in Europe and North America (e.g., Gingerich and Deutsch, 1989; Tong and Wang, 2006; Solé et al., 2014a) . For a long time, they have been grouped with the Oxyaenidae within the "Creodonta", an order of extinct placental carnivorous mammals, but ''Creodonta'' is probably diphyletic (Polly, 1996; Solé, 2013; Zack, 2013) . There are three competing hypotheses regarding the geographic origins of the Hyaenodonta: (1) Gheerbrant (Gheerbrant, 1995; Gheerbrant et al., 2006) and Solé (Solé, 2013; Solé et al., 2009 Solé et al., , 2014b Solé et al., , 2015 , following Gingerich and Deutsch (1989) have proposed an African origin based on a very early record for the family in Morocco (Gheerbrant, 1995; Solé et al., 2009 )their presence can now be extended back to the middle Paleocene (i.e., Selandian; Yans et al., 2014) ; (2) an Asian origin has been advocated by several authors (Beard, 1998; Meng et al., 1998) , primarily on the basis of the Paleocene occurrence of the Limnocyoninae from Inner Mongolia, China;
(3) Morlo et al. (2009) has proposed a multiregional origin, which implies that two distinct groups of Hyaenodonta originated in different landmasses: the Proviverroidea (Proviverrinae and Tinerhodon) in Africa, and the Hyaenodontida (Sinopinae, Limnocyoninae) in Asia.
While the Laurasian hyaenodonts faced numerous competitors (Oxyaenodonta, Carnivoramorpha; Morlo et al., 2010) , the African ones evolved without competitors in isolated conditions until the closure of the Tethys at the Oligocene/Miocene transition (ca. ~23 m.y.). This likely favoured the diversification of the African hyaenodonts, a hypothesis which is well exemplified by the Priabonian-Rupelian faunas from the Fayum Depression in Egypt (e.g., Andrews, 1906; Osborn, 1909; Gingerich, 1974, 1976; Holroyd, 1994 Holroyd, , 1999 . However, their pattern of diversification has remained poorly understood in deeper times due to the scarce Paleocene-Eocene African fossil record.
In order to further our understanding of the Eocene radiation of hyaenodonts in Africa, we review the available paleontological evidence and present new fossils from two Eocene localities: Chambi (Tunisia; late Ypresian or early Lutetian) and Bir el Ater (Algeria; latest Bartonian or earliest Priabonian).
In Afro-Arabia, 10 regions have so far yielded hyaenodonts in Paleocene and early Oligocene (= Rupelian) deposits: nine sites are located in North Africa and Arabia ( Fayum Depression = Birket Qarun Formation (BQ-2), Qasr el-Sagha Formation (e.g., L-25, L-66, and L-45) , and Jebel Qatrani Formation (e.g., Quarry I, Quarry M, and L-41), and Qasr el-Sagha Formation (e.g., L-25, L-66, and L-45) [Egypt] ); and only one in the Southern part of the continent (Black Crow locality from Sperrgebiet [Namibia]) ( Figure  1.1) . These localities range from the middle Paleocene (Selandian) up to the Rupelian (Figure 1.2) . The taxa for each locality are listed in Table 1 .
In addition to the Paleocene Tinerhodon (Hyaenodonta incertae sedis), African hyaenodonts document four subfamilies: Koholiinae, Teratodontinae, Hyainailourinae, and Apterodontinae 3 (Table 1) (Solé, 2013; Solé et al., 2014b) . These subfamilies mainly radiated in Africa (Savage, 1965; Lange-Badré, 1979; Holroyd, 1994 Holroyd, , 1999 Solé et al., 2009; Grohé et al., 2012) . The fossils recently described from the Gour Lazib (Algeria) appeared critical for a better knowledge of the hyaenodont evolution in Africa, because they represent the oldest taxa recorded for two of the four subfamilies: the Hyainailourinae and Teratodontinae (Solé et al., 2014b) .
The Tunisian locality of Chambi (Figure 1.1) , dating from the late Ypresian or early Lutetian (Figure 1. 2), has yielded mammal fossils since the mid 1980s (e.g., Hartenberger et al., 1985 Hartenberger et al., , 1997 Hartenberger et al., , 2001 . These fossils have strongly contributed to clarify the early evolution of some mammal groups in Africa, notably the elephant-shrews (Hartenberger, 1986; Tabuce et al., 2007; Benoit et al., 2013a) , primates (Hartenberger and Marandat, 1992; Marivaux et al., 2013) , rodents (Vianey-Liaud et al., 1994; Marivaux et al., 2015) , bats (Ravel et al., 2011a (Ravel et al., , 2012 (Ravel et al., , 2015 ), hyracoids (Court and Hartenberger, 1992; , and sirenians (Benoit et al., 2013b) . The presence of carnivorous mammals in the Tunisian locality had, however, never been reported thus far.
The fossil locality of Bir el Ater, which is located in the Nementcha Mountains (North-eastern Algeria) (Figure 1.1) , is much younger than Chambi: its age is generally considered to be either latest Bartonian or earliest Priabonian (Figure 1.2) . It has yielded a diverse assemblage of mammals including rodents (Coiffait et al., 1984; Jaeger et al., 1985; Marivaux et al., 2014a ), primates (de Bonis et al., 1988 Tabuce, 2002) , an elephantshrew (Tabuce et al., 2001a) , a hyracoid (Tabuce et al. 2000) , and a proboscidean (Delmer et al., 2006) . Tabuce et al. (2001b) listed the presence of creodonts gen. and sp. indet. in the faunal list of Bir el Ater, a materiel that we describe here. Table 1 ); 1: Ouled Abdoun Basin (Morocco); 2: Ouarzazate Basin (Morocco); 3: El Kohol (Algeria); 4: Gour Lazib (Algeria); 5: Chambi (Tunisia); 6: Black Crow locality from Sperrgebiet (Namibia); 7: Bir el Ater (Algeria); 8: Dur at-Talah (Libya); 9: Fayum Province = Birket Qarun Locality 2, Jebel Qatrani, and Qasr el-Sagha Formation (Egypt); 10: Taqah (Oman). 2, correlation of Eocene localities including hyaenodonts (see Table 1 ) [adapted from Coster et al. (2012, figure 1 ) and Seiffert (2010, figure 2.1)]. The black circles (1) and the names in Bold Italic (2) identify the localities under study. Abbreviations: Barton.= Bartonian; Priabon.= Priabonian; Seland.= Selandian; Thanet.= Thanetian. TABLE 1. Distribution of the hyaenodonts presently known in the Paleocene and Eocene of Africa. Ouled Abdoun Basin: Gheerbrant et al. (2006) and Solé et al. (2009) ; Ouarzazate Basin: Gheerbrant (1995; ; El Kohol: Crochet (1988) ; Gour Lazib area: Solé et al. (2014b) ; Black Crow locality from Sperrgebiet: Pickford et al. (2008) ; Dur at-Talah: Grohé et al. (2012) ; Birket Qarun Locality 2: Borths et al. (2010) ; Jebel Qatrani and Qasr el-Sagha Formations: Gingerich (1974, 1976) , Holroyd (1994 Holroyd ( , 1999 , Lewis and Morlo (2010) ; Taqah: Crochet et al. (1990) ; Chambi and Bir el Ater based on the present paper. *: Taxa described in Holroyd (1994) 
FIGURE 1. 1, localisation of the African fossiliferous localities that yielded Paleocene and Eocene hyaenodonts (see

MATERIAL AND METHODS
In the following text, fossils referenced CBI-1xx and UON-xx are housed in the paleontological collections of the Office National des Mines of Tunis, Tunisia and the Université de Montpellier, France, respectively. Institutional abbreviations. BC, Black Crow (Namibia); CBI, Chambi (Tunisia); HGL, Hammada Gour Lazib (Algeria); UON, Université d'Oran Nementcha, Bir el Ater (Algeria); NHMUK; Natural History Museum (United Kingdom); NMHW, Fossil Vertebrate Collection, Naturhistorisches Museum Wien (Austria).
The terminology of the molar cusps and crests follows Van Valen (1966) . The measurements (length × width in mm) follow Gingerich and Deutsch (1989) . Abbreviations. DD = Dentary Depth; L = Length; n = number of specimens; OR = Observed Range; W = Width.
SYSTEMATIC PALAEONTOLOGY
Class MAMMALIA Linnaeus, 1758 Grand order FERAE Linnaeus, 1758 Order HYAENODONTA Van Valen, 1967 Family HYAENODONTIDAE Leidy, 1869 Subfamily HYAINAILOURINAE Pilgrim, 1932 FURODON Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Type Species. Furodon crocheti Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Tabuce, 2014b Furodon crocheti Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Tabuce, 2014b Figure 2 , Table 2 Referred specimens. CBI-1-550, right P2; CBI-1-551, right maxillary fragment bearing P2; CBI-1-552, right M1; CBI-1-612, right dp3; CBI-1-553, fragment of left m1 (trigonid); CBI-1-554, fragment of right m3 (trigonid). Measurements. Table 2 . Description. Two P2s were found in CBI-1 ( Figure  2 .1-4). The teeth are simple: the parastyle and protocone are absent, while the postmetacrista was probably poorly developed (low and short). The teeth are asymmetric in lateral view, the distal crest of the paracone being longer and more oblique than the mesial one. The M1 is characterized by the reduction of the parastyle and paracone, and the elongation of the postmetacrista (Figure 2 .5-6). The short parastyle allows referring the tooth as a M1. The apices of the paracone and metacone are not fused; the two cusps were probably similar in height. The paraconule and metaconule are present despite the reduction in length of the protofossa. The stylar shelf is reduced. There is no trace of lingual cingulum.
CBI-1-612 ( Figure 2 .7-9) is mesiodistally elongated. The paraconid is clearly individualized; at its base, the lingual cingulid forms a bulge. The talonid is very short and displays two tiny cusps (protostylid and hypoconulid) (Figure 2 .8). A strong cingulum is present along the lingual part of the talonid.
The trigonid CBI-1-554 is characterized by the mesial position of the paraconid and the elongation of the paracristid (Figure 2 .10-12). The metaconid is clearly smaller and narrower than the paraconid and protoconid. The precingulid along the labial side of the paraconid is large. The second fragment of the lower molar (CBI-1-553) is smaller than CBI-1-553 ( Figure 2 .13-15), and its paracristid is less mesiodistally oriented. Discussion. Concerning the loci of the fragmentary molars, we think that the trigonid CBI-1-554 is a part of a m3, due to the mesial position of the paraconid and elongation of the paracristid, and that the trigonid CBI-1-553 corresponds to that of a m1 because of its small size and its less mesiodistally oriented paracristid.
The fossils from Chambi CBI-1 described above display secant morphology, especially the molars. The elongation of the paracristid and postmetacrista on lower and upper molars, respectively, and the reduction of the metaconid on m3 remind the distinctive features of Furodon crocheti. This hyainailourine has been recently described based on a dentary and upper molars from the Gour Lazib (Algeria). Furthermore, the size of the fossils from CBI-1 matches that of the specimens from the Gour Lazib. In this context, we confidently attribute this new material from Chambi to Furodon crocheti.
The case of the two P2s and of the dp3 is less clear because these loci were unknown for Furodon crocheti. The morphology of the two upper teeth is compatible with that of the P2 known in hyainailourines, and their sizes agree with the measurements made on the base of the roots of the p2 present on the holotype of Furodon crocheti. The morphology of CBI-1-612 (e.g., large paraconid and presence of a lingual cingulum) reminds that of several dp3s known for Hyaenodon (Bastl et al., 2011 (Bastl et al., , 2014 . Moreover, the size of the tooth agrees with that of the premolars of Furodon cro-6 FIGURE 2. Furodon crocheti Solé et al., 2014b from Chambi CBI-1 (Tunisia). 1-2, CBI-1-550, right P2 in lingual (1) and occlusal (2) views. 3-4, CBI-1-551, right maxillary fragment bearing a P2 in labial (3) and occlusal (4) views. 5-6, CBI-1-552, right M1 in labial (5) and occlusal (6) views. 7-9, CBI-1-612, right dp3 in lingual (7), labial (8) and occlusal (9) views. 10-12, CBI-1-554, left m3 in lingual (10), labial (11) and occlusal (12) views. 13-15, CBI-1-553, right m1 in lingual (13), labial (14) and occlusal (15) views. Abbreviations: Hd, Hypoconulid; Par., Paraconid; Pro., Protoconid; Psd, Protostylid. Scale bar equals 5 mm.
cheti. Consequently, we consider that CBI-1-612 represents a dp3 of this species.
The reference to Furodon crocheti of CBI-1-550, CBI-1-551, and CBI-1-612 seems to be the most appropriate taxonomic option. Age and locality. Late Ypresian or early Lutetian; Chambi CBI-1 (Tunisia). PARVAVORODON Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Tabuce, 2014b Type species. Parvavorodon gheerbranti Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Tabuce, 2014b Parvavorodon gheerbranti Solé, Lhuillier, Adaci, Bensalah, Mahboubi, and Tabuce, 2014b Figures 3-5, Table 3 Referred specimen. CBI-1-555, left P3; CBI-1-556, left M1or2; CBI-1-557, left p2; CBI-1-558, right m1; CBI-1-559, left m3; CBI-1-613, left dentary bearing dp4, m1, alveoli of dp3 and m2, and distal alveolus of dp2?. Measurements. Table 3 . Description. The P3 exhibits a simple morphology ( Figure 3 .1-2): the only known specimen is worn, which prevents from identifying the parastyle, but this latter was certainly weak. The metastyle is large but low. We identify the tooth as a P3 due to the enlargement of its base in the lingual side. This corresponds to the usual position of the protocone on P3 and P4; the latter is, however, more individualized and slightly more mesially located on P4 than on P3. On the unique upper molar discovered ( Figure  3 .3-4), the paracone is less developed than the metacone and appears mesiodistally narrower. The parastyle is broken but it was certainly large based on the surface of breakage -the tooth thus could represent a M2. Despite its breakage, the postmetacrista is elongated. The protofossa is short and narrow despite the presence of the paraconule and metaconule. The stylar shelf is strongly reduced. No cingulum is visible.
The dentary is narrow -its depth only slightly exceeds the length of the m1 (Table 2) . A mental foramen is present below the dp3 (see below for the determination of this locus); it corresponds to the most distal one of the two mental foramina, which are generally observed in Hyaenodonta. There is no diastema between dp2, dp3, and dp4.
The most mesial tooth preserved (dp4) on the dentary is characterized by a very low trigonid that is elongated mesiodistally. This feature is characteristic of the dp4 in Hyaenodonta. Indeed, the paraconid occupies a mesial position. It is slightly lower than the metaconid and protoconid. The protoconid is roughly at the same elevation than the paraconid. The metaconid is clearly more distally located than the protoconid. The talonid is -as the trigonid -elongated mesiodistally. The postfossid is narrow. The hypoconid, hypoconulid, and entoconid are distinguishable in occlusal view . The entoconid appears less individualized than the two other talonid cusps. A strong precingulid is visible.
On the fragmentary dentary (Figure 4) , the presence of two foramina can be observed in occlusal view (black arrows on Figure 4 .2). The most distal foramen is located between the roots of dp4; the second foramen is visible between the two alveoli that are mesial to the dp4. These foramina seem to be related to the eruption of the permanent teeth. This has been indeed observed in Hyaenodon (K.A. Bastl, personal commun., 2015) . The presence of a foramen suggests that the two alveoli located mesially to the dp4 correspond to that of a dp3.
We made CT-scan reconstructions of CBI-1-613 in order to determine whether germs were present or not. No germ is visible neither below dp4 nor below dp3 ( Fig. 5 ). As shown by Bastl et al. (2011) and Bastl et al. (2014) , there isn't necessarily a germ visible for p3 and p4, when a fully erupted m2 is present. This absence of germs below these deciduous teeth (while m2 is present) was actually similarly observed for the mandible NMHW2009z0082/0002 referred as Hyaenodon sp. (Bastl et al., 2011, figure 1 ): the mandible shows p1, dp4, m1, and the alveoli of dc, dp2, dp3, and m2, while the X-ray only reveals the germs of p2 and the canine. Based on this data (i.e., absence of germ and presence of a foramen in occlusal view), one can could conclude that p3 had not started to erupt on that specimen and that dp3 was present when the individual died. The presence of an m2 associated with a dp3 and dp4 agrees with stage 2 (North American Hyaenodon) and stages 3-4 (European Hyaenodon) of the tooth eruption sequence established by Bastl et al. (2011) for the hyaenodontine Hyaenodon. The distal root situated mesially to those of the latter tooth may correspond either to that of dp2 or to that of p2. NHMUK M 4498 (Hyaenodon exiguus) and NHMUK M 84866 (Hyaenodon filholi) showed that the germs of p3 and p4 are present when the germ of p2 is developed or when p2 is erupting. If we assume that the early stages of the tooth eruption sequence are somewhat similar in hyaenodonts, we could hypothesize that a dp2 must have been present in CBI-1-613. Whether the p2 is present or not, it is certain that CBI-1-613 represents a very young hyainailourine individual. CBI-1-557 ( Figure 3 .5-7) is identified as a p2 and CBI-1-555 as a p3. As in hyaenodonts, CBI-1-557 (p2) is smaller and asymmetric in lateral view compared to CBI-1-555 (p3). The p2 has a simple FIGURE 3. Parvavorodon gheerbranti Solé et al., 2014b from Chambi CBI-1 (Tunisia). 1-2, CBI-1-555, left P3 in labial (1) and occlusal (2) views. 3-4, CBI-1-556, left M1or2 in labial (3) and occlusal (4) views. 5-7, CBI-1-557, left p2 in lingual (5), labial (6) and occlusal (7) views. 8-10, CBI-1-558, right m1 in lingual (8), labial (9) and occlusal (10) views. 11-13, CBI-1-559, left m3 in lingual (11), labial (12) and occlusal (13) views. Scale bar equals 5 mm. Solé et al., 2014b from Chambi CBI-1 (Tunisia). 1-6, CBI-1-613, left dentary bearing dp4, m1, alveoli of dp3 and m2, and distal alveolus of dp2? in labial (1) occlusal (2), occlusal based on a CTscan reconstruction (3), occlusal close-up (4), labial close-up (5) and lingual close-up (6) views. The black arrows on 2 indicate the two foramina related to the eruption of the permanent teeth (see text). Scale bar equals 2 mm. crown morphology with a small paraconid, which remains as high as the talonid. The talonid is short and low, and bears only one cusp (hypoconid?) at its distal end.
FIGURE 4. Parvavorodon gheerbranti
The m1, preserved on the dentary CBI-1-613 ( Figure 4 ), is larger than dp4, but its morphology is virtually similar. The paraconid is well located mesially -the paracristid is thus long and secant -and is larger than the metaconid. The metaconid is less distally located than on dp4. The apex of the protoconid is broken, which prevents estimating its height. The talonid cusps are heavily worn; however, the postfossid is narrow as on dp4. A large precingulid is present. Because the isolated molar CBI-1-558 ( Figure 3 .8-10) is morphologically similar to the CBI-1-613 (m1), we identify the former tooth as a m1.
The second isolated lower molar (CBI-1-559) is characterized by a high paraconid, which is mesiolingually located, a low and reduced metaconid, and a narrow and mesiodistally elongated talonid ( Figure 3 .11-13). Only a precingulid is visible. The talonid is worn, which prevents from determining the exact position of the talonid cusps. The presence of a narrower postfossid (but with a wide talonid), a paraconid more lingually located, and a trigonid more opened than on the m1/m2 specimens described from the Gour Lazib and Chambi, suggest that the CBI-1-559 molar is a m3. These differences in the trigonid and talonid morphologies between the m1-m2 and m3 are notably exempli-fied by the holotype of the contemporaneous hyaenodont Furodon crocheti (Solé et al., 2014b) . Discussion. The small hyainailourine Parvavorodon was originally described based on two identical lower molars from the Gour Lazib (Solé et al., 2014b) . These two molars differ from those of Furodon in being smaller in size despite the fact that they display similar derived secant features (e.g., elongation of the paracristid).
Because the fossils described from Chambi are similar in size and morphology with the two small molars from the Gour Lazib, we refer them to Parvavorodon gheerbranti. This new material from the Eocene of Tunisia testifies to (1) the presence of this small hyaenodont in the late Ypresian (or early Lutetian) of Maghreb, and (2) the secant morphology of its dentition.
The new fossils are also important because they allow recognizing five new dental loci for the species: dp4, P3, p2, M2 (or M1), and m3. Moreover, we describe the first dentary element known for this genus: it corresponds to the oldest dentary element known thus far for a juvenile of Hyaenodonta in Africa. The position of the unique mental foramen present on the dentary is particularly interesting inasmuch as it represents an important feature for discussing the subfamilial classification of Parvavorodon: the distal foramen is actually located below the p3 in hyainailourines, while it is generally located close to or below the roots of p4 in koholiines (Solé et al., 2009) . Because the posi-FIGURE 5. CT-scan reconstruction of Parvavorodon gheerbranti Solé et al., 2014b from Chambi CBI-1 (Tunisia); CBI-1-613, left dentary bearing dp4, m1, alveoli of dp3 and m2, and distal alveolus of dp2?. 1, occlusal view; 2, parasagittal slice showing the roots of the dp4 and m1. Note the absence of germ below dp3 and dp4. Scale bar equal 2 mm. tion of the distal mental foramen corresponds to the first case, the dentary CBI-1-613 supports the hyainailourine status of Parvavorodon.
As indicated above, in Parvavorodon, the differences observed between the m1-m2 and m3 are similar to those observed in Furodon. This indicates that the two taxa are probably closely related. Age and locality. Late Ypresian or early Lutetian; Chambi CBI-1 (Tunisia).
Hyainailourinae indet. Figure 6 Referred specimen. UON 84-359, left P3. Measurements. L = 4.6 mm; W = 3.6 mm.
Description. The tooth is three-rooted. The paracone is prominent. There is no parastyle. Unfortunately the distal part of the tooth is broken, which prevents from observing the morphology of the metastyle. The lingual root bears a small cusp (? protocone). The enamel is crenulated. The cingula are developed around the tooth. Discussion. The small size of the lingual cusp and absence of a parastyle indicate that UON 84-359 is not a P4. However, this tooth is three-rooted and bears a small lingual cusp, two characters which allow identifying it as a P3. The presence of a third root on P3 is often observed in hyainailourines -and in some limnocyonines (Morlo and Gunnell, 2005) . For instance, it has been observed in the following Eocene-Oligocene taxa: Pterodon africanus Andrews, 1903 , Pterodon syrtos Holroyd, 1999 , Paroxyaena Martin, 1906 , and Parapterodon Lange-Badré, 1979 . The presence of this root is related to the development of the lingual cusp, which is analogous to the protocone of P4. This structure is notably welldeveloped in Paroxyaena (Lange-Badré, 1979) . It is worth noting that the development of the cingula is found in the European Paroxyaena, but the P3s of the latter are much larger than UON 84-359. As a result, we tentatively refer UON 84-359 to the Hyainailourinae. However, because the taxon of Bir el Ater is only documented by this tooth, we referred it as Hyainailourinae indet. pending additional material. Age and locality. Latest Bartonian or earliest Priabonian; Bir el Ater (Algeria).
Subfamily TERATODONTINAE Savage, 1965 MASRASECTOR Simons and Gingerich, 1974 Type Species. Masrasector aegypticum Simons and Gingerich, 1974 Masrasector cf. ligabuei Crochet, Thomas, Roger, Sen, and Al-Sulaimani, 1990 Figure 7 Referred specimens. (Figure 7.1-2) . The base of the metacone is larger than that of the paracone. The parastyle and metastyle areas are unfortunately broken. The protofossa is large but heavily worn. The metaconule and paraconule cannot be distinguished but were surely present based on the size of the protofossa and the height of the preprotocrista and postprotocrista. The protocone is prominent. No cingulum is visible. It is currently impossible to determine whether UON 84-360 corresponds to a M1 or a M2. UON 84-361 is only a protofossa (Figure 7 .3-4). Its transversal elongation and mesiodistal compression allow considering it as a fragment of M3. The protocone is well-developed. The paraconule and metaconule are well-defined; the former is the larger. There is a large precingulum along the protofossa.
UON 84-397 is a lower premolar (Figure 7 .5-7) that was probably blunt, as the condition observed in Masrasector species Lewis and Morlo, 2010) . Its protoconid is wide but heavily worn. There is no appreciable development of a paraconid, but the presence of a lingual precingulid could indicate the presence of a small paraconid. The area of the talonid is characterized by the presence of a postcingulid in both labial and lingual views. The absence of a wide postfossid, characterized by the presence of an entoconid, implies that the specimen better corre-FIGURE 6. Hyainailourinae indet. from Bir el Ater (Algeria). 1-2, UON 84-359, left P3 in occlusal (1) and labial (2) views. Scale bar equals 5 mm. sponds to a p3; the large size of the talonid excludes a p2 position. Discussion. The well-marked separation of the paracone and metacone on UON 84-360 (M1or2) and the large size of the protofossa suggest that this specimen is better referred to the Teratodontinae rather than to the Hyainailourinae. The presence of the precingulum on UON 84-361 (M3) supports an attribution to the teratodontines for this specimen. Although this specimen is worn, the UON 84-397 premolar (p3) is clearly similar to those of the Masrasector species from the Fayum (Jebel Qatrani Fm., L-41, Priabonian; Jebel Qatrani Fm., Quarries A, E, G, I, M, Rupelian; Holroyd, 1994) notably because the surface of wear is flat and horizontal, as it is observed in Masrasector aegypticum (Jebel Qatrani Fm., Quarry G, Rupelian) (Simons and Gingerich, 1974) . The upper molars are also morphologically similar to the molars known for Masrasector (Crochet et al., 1990; Holroyd, 1994) . Finally, the relative large size of p3 with respect to the upper molar size agrees with the attribution of this material to Masrasector.
The three specimens thus support the presence of a teratodontine (Masrasector) in the Algerian locality of Bir el Ater. The sizes of the specimens -notably the p3, which is the most complete tooth -agree with that of the specimens of Masrasector ligabuei, the medium-sized species of the genus among the Fayum fauna (Jebel Qatrani Fm., Quarries A, E, Rupelian) (Holroyd, 1994, tables 5.1 and 5.2) . We refer the three specimens from Bir el Ater as Masrasector cf. ligabuei, pending the discovery of better preserved material. Despite this lack of clear specific attribution, it is important to note that the specimens from Bir el Ater are the oldest to be known for the teratodontine genus Masrasector.
The oldest teratodontine so far known is Glibzegdouia tabelbalaensis from the Gour Lazib area (Solé et al., 2014b) . UON 84-360 molar is however not larger than the fragmentary M2 (HGL 10-15; L = 6.93 mm) recently described from the older locality of the Gour Lazib and attributed to G. tabelbalaensis (Solé et al., 2014b) . Unfortunately, it is impossible to compare the morphology of the two specimens because HGL 10-15 corresponds only to a labial fragment. Age and locality. Latest Bartonian or earliest Priabonian; Bir el Ater (Algeria).
Teratodontinae indet. Figure 8 Referred specimen. CBI-1-614, right P4. Measurements. L = 3.56 mm; W = 3.92 mm. Description. CBI-1-614 is identified as a P4 because of the presence of a large protocone. The latter is bulbous and as long as the paracone. The paracone is elongated mesiodistally. The parastyle and metastyle are poorly developed and low; the metastyle is however slightly more developed than the parastyle. A centrocrista was possibly present. No cingulum is visible. Discussion. CBI-1-614 recalls the P4 of Metasinopa napaki Savage, 1965 , Anasinopa leaki Savage, 1965 and Teratodon spekei Savage, 1965 , as well as that of the "proviverrines" -referred as Ter- Thesis (1994) . This is particularly shown in the presence of a large protocone and a poorly developed parastyle -and possible presence of a centrocrista. These features distinguish the P4 of the teratodontines from that of the contemporaneous hyainailourines. Indeed, the protocone is small and the metastyle is larger on the P4 of the latter. We estimated the measurements expected for the P4 of Glibzegdouia tabelbalaensis based on a comparison with the P4 and m1 of Anasinopa leaki and m1 of Glibzegdouia tabelbalaensis: its length should be 7.2 mm, while the expected width should be 6.7 mm. As such, CBI-1-614 appears to be twice as small as the P4 expected for the sole teratodontine known at that time.
This discovery implies that the teratodontines were possibly diversified in the late Ypresian (or early Lutetian) of North Africa. This is similar to what is known for the hyainailourines (see above) (Table 1) .
The Namibian upper molar (BC 2'08) recently described by Pickford et al. (2008) as a Proviverrinae genus and species indet. -considered as a teratodontine by Solé et al. (2014b) -is one of the smallest hyaenodont ever recorded in Africa (Pickford et al., 2008) . However, the specimen is markedly smaller (L= 2.97 mm; W= 2.33 mm) than CBI-1-614, supporting as well a diversity of the teratodontines during the late Ypresian-early Lutetian. Age and locality. Late Ypresian or early Lutetian; Chambi CBI-1 (Tunisia).
GENERAL DISCUSSION
Biostratigraphic Implications
Based on biostratigraphic data (mammals and charophytes), Hartenberger et al. (1997 Hartenberger et al. ( , 2001 envisaged that the locality of Chambi (Tunisia) is Ypresian in age and possibly older than those from the Gour Lazib complex (Algeria). However, based on recent better substantiated biostratigraphic and magnetostratigraphic data, a contemporaneity between both localities have been proposed Coster et al., 2012; Marivaux et al., 2015; Ravel et al., 2015, in press), i.e., dated as late Ypresian or early Lutetian, between 49 and 45 m.y.
Some of the hyaenodont fossils described here indicate the presence in Chambi of the two hyainailourines -Furodon and Parvavorodonthat have been previously recognized in the Gour Lazib (Solé et al., 2014b) . This implies that these genera were present almost in the entire Maghreb at that time (Figure 1.1) . Surprisingly, the unique taxon from Chambi, which is herein attributed to the Teratodontinae, is clearly smaller than Glibzegdouia from the Gour Lazib: this discovery implies that teratodontines in North Africa were -possibly -as diversified as hyainailourines. Despite this difference, the new Tunisian fossils strengthen support for the hypothesis of a similar age of the two fossiliferous sites.
The fossil locality of Bir el Ater has yielded few hyaenodonts compared with Chambi. Nonetheless, we can definitively conclude on the presence of both Teratodontinae and Hyainailourinae in this late Bartonian or early Priabonian locality. The poor preservation of the fossils and their scarcity do not provide pieces of information regarding the precise age of that Algerian mammal-bearing locality.
In an abstract, Borths et al. (2010) presented a new taxon from the earliest Priabonian (~37 m.y.) Birket Qarun Locality 2 (BQ-2; Fayum Depression, Egypt). He indicated that this taxon is close to Masrasector from the Fayum Depression and Oman (Table 1) , and Kyawdawia from the Pondaung Formation (late Middle Eocene; Myanmar). As quoted by Seiffert et al. (2008, p. 81) , "the mammalian faunas from BQ-2 and Bir el Ater are more similar to each other than they are to any other Afro-Arabian Paleogene fauna." Consequently, the fossils found in Bir el Ater that we refer as Masrasector cf. ligabuei are possibly close to those currently studied by M. Borths. This could support the presence of Masrasector in both Algeria and Egypt at that time. The locality of Dur at-Talah (late Bartonian or Priabonian; Libya) is also considered to be close in age to Bir el Ater based on its mammal fauna (Seiffert, 2010). However, Sanders and Seiffert (2014) and Sallam and Seiffert (2016) indicated that the proboscideans and rodents from Dur at-Talah provide better evidence for a Priabonian-Rupelian than a Bartonian age for this site. In any case, the Libyan locality yielded apterodontines (Grohé et al., 2012) , but so far no hyainailourine or teratodontine (Table 1) . As the Apterodontinae are unknown in both Bir el Ater and BQ-2 (Table 1) , the carnivorous fauna of Dur at-Talah is clearly different from that of the Algerian and Egyptian localities despite a probable proximity in time. Nonetheless, it is also possible that several hyaenodonts from Dur at-Talah remains so far undescribed.
Evolution of the African hyaenodonts during the Paleocene and Eocene
The Figure 9 summarizes the geographic and temporal distributions of the hyaenodonts in Africa. The hyaenodonts are mostly known in Northern Africa, but the faunas are not similar in this area and during Eocene times (Table 1) . Considering this, we established four faunal assemblages based on their respective carnivorous taxa ( Figure  9 .1). The present approach is a preliminary approximation, because it is clear that the fossil record of the Paleocene and Eocene of Africa remains still incomplete.
The "Assemblage 0" is characterized by the presence of Tinerhodon and taxa that display similarities with the Proviverrinae sensu Polly (1996) ; Tinerhodon is also morphologically close to the Proviverrinae sensu Solé (2013) . This assemblage is so far very restricted because it only concerns the Paleocene localities of the Ouarzazate Basin (Morocco; Gheerbrant, 1995) ; it thus will not be further discussed in the present paper.
The "Assemblage I" is characterized by the koholiines, which are otherwise the only creodont representatives of the Paleocene-Eocene localities of the Ouled Abdoun Basin (Morocco) and El Kohol (Algeria).
The "Assemblage II" is based on the common presence of the hyainailourines and teratodontines. This group includes the Algerian localities of the Gour Lazib and Bir el Ater, the Tunisian locality of Chambi, and the Black Crow locality from Sperrgebiet (Namibia). The "Assemblage III" is defined by the appearance of the apterodontines and "reappearance" of the koholiines in Northern Africa. The locality of Dur at-Talah (Libya) is presently original because the apterodontines are the only carnivorous mammals recorded (see above) ( Figure 9 .2; Table 1 ). This assemblage also includes the localities of Taqah in Oman and from the Fayum Depression in Egypt (Birket Qarun Locality 2, Jebel Qatrani Fm., Qasr el-Sagha Fm.). The presence of the teratodontines and hyainailourines in this assemblage is reminiscent of "Assemblage II" (Figure 9.2; Table 1 ).
The "Assemblage I" clearly predates the "Assemblage II" when the four assemblages are analysed and considering the stratigraphic sequence (Figure 9 .2). The koholiines, which characterized the assemblages I and III, are recorded in the Paleocene, Ypresian, and Priabonian of North Africa. As a result, there is an important gap (= entire middle Eocene) in their fossil record; as a whole the African mammalian fossil record at that time is very poor. During almost the entire middle Eocene, the carnivorous fauna was composed only by the hyainailourines and teratodontines ( Figure  9 .2).
The "Assemblage III" is characterized by an important increase regarding the diversity of hyaenodonts -and thus of the second faunal assemblage. This assemblage appears at the end of the Eocene and represents the last assemblage here recognized (Figure 9 .2). This assemblage extends from the Late Eocene to the Rupelian (early Oligocene), where the four typical hyaenodont subfamilies are recorded (e.g., Holroyd, 1994 Holroyd, , 1999 Lewis and Morlo, 2010) .
The geographic distribution of these assemblages is also intriguing. The "Assemblage I" and "Assemblage II" are more or less located in the same area that encompasses -from West to East -Morocco, Algeria, and Tunisia (Figure 9.1) , while the third one is only situated in the eastern part of North Africa (Libya and Egypt) (Figure 9.1) . Furthermore, the "Assemblage II" (Hyainailourinae + Teratodontinae) is also recorded in the Southern Africa (Namibia) (Figure 9 .1). However, these differences certainly result from both stratigraphic and geographic biases in the African fossil record.
The present survey of the composition of the African communities of carnivores during the Paleogene needs to be faced to what is known concerning the climate and other African mammal faunas during this period. Unfortunately, the evolution of several placental mammals in Africa is so far poorly understood due to gaps in the fossil record.
In general, the African continental climate appears to have been generally wet and warm during the Paleocene and especially the Eocene (Feakins and Demenocal, 2010) , but, as evidenced by Bolle et al. (1999) , climatic events such as the "Paleocene-Eocene Thermal Maximum" (= PETM) would have had a significant impact on nearby continental environments, notably in resulting in a more arid climate. There was an important increase of the greenhouse effect during the "Early Eocene Climatic Optimum" (= EECO; ~53-50 m.y.) (Zachos et al., 2008) (Figure 9.2) . Furthermore, the coasts of North Africa are mostly covered by a large marine transgression of a tropical sea during the early Paleogene (65-50 m.y.) (Partridge, 2010) . The EECO was followed by a long-term cooling (Zachos et al., 2001) .
A more abrupt cooling (Oi-1; ~34.1-33.6 m.y.), which has affected both marine and terrestrial ecosystems (Hren et al., 2013) , is recorded at the Eocene-Oligocene Boundary (EOB; Figure 9 .2) (Zachos et al., 2001) . Moreover, at the beginning of the Oligocene, an Antarctic ice sheet began to develop (Zachos et al., 1992 (Zachos et al., , 2001 . The glaciation was initiated, after climatic preconditioning, by an interval when the Earth's orbit of the Sun favoured cool summers (DeConto and Pollard, 2003) . These events notably resulted in the increase of aridity in southern Africa (Feakins and Demenocal, 2010) . As a result, the late Eocene (Bartonian and Priabonian) and Oligocene periods illustrate a transition from "greenhouse" state to "icehouse" conditions. The Fayum sequence includes a major unconformity just above Quarry L-41; Gingerich (1993) and Seiffert (2006) considered that it results from erosion associated with a rapid drop in sea level occurring in the earliest Oligocene. The earliest Oligocene ice-volume changes and cooling event indeed lowered sea level and are possibly responsible for this eustatic fall (Miller et al., 2008) .
As indicated above, the Paleocene and early Eocene faunas are dominated by the "Assemblage I" where only the koholiines are known (Gheerbrant et al., 2006; Solé et al., 2009) (Figure 9 ). In these faunas, the proboscideans are also abundant and diversified (Gheerbrant et al., 2002) . Sanders et al. (2010) remarked that the phosphathere and daouithere proboscideans, which are recorded in the fauna of the Ouled Abdoun basin in Morocco ("Assemblage I"), are succeeded by numidotheres during the Ypresian. Numidotherium is recorded in El Kohol, Algeria (Mahboubi et al., 1986) . This 16 modification of the proboscidean fauna is concomitant with the first occurrence of bats (Ravel et al., 2011b) , hyracoids (Court and Mahboubi 1993; Gheerbrant et al., 2003 , Benoit et al., 2016 , and of possible marsupials (Crochet, 1984) in the African fossil record (Figure 9 .2). The recent proposed age of El Kohol (~51-52 m.y.) by Coster et al. (2012) implies that this locality is situated in the warmest period of the EECO (Figure 9 .1). Despite these faunal modifications, the hyaenodonts do not seem to have been affected: the koholiine Koholia is actually the only carnivorous mammal known in El Kohol.
In fact, the modification of the African hyaenodont fauna occurred after the EECO (Figure 9.2) : the koholiines are replaced by the teratodontines and hyainailourines. Moreover, the faunas of Chambi and the Gour Lazib areas also provide the oldest African fossils of zegdoumyid anomaluroids (Vianey-Liaud et al, 1994; Marivaux et al., 2011 Marivaux et al., , 2015 , strepsirrhine primates (azibiids and djebelemurines) (Tabuce et al., 2009; Marivaux et al., 2013) , and macroscelids Adaci et al. 2007 ). In addition, Ravel et al. (2011b) remarked a modification of the bat fauna between El Kohol and Chambi (Figure 9 .2). Solé et al. (2014b) proposed that the teratodontines and hyainailourines originated in Africa, while Rana et al. (2015) hypothesized that they dispersed from South Asia to Africa between 51.9 (El Kohol) and 45.5 m.y. (Glib Zegdou) together with rodents and strepsirrhine primates. Recent studies indicate that the ancestors of zegdoumyid anomaluroids and strepsirrhine primates may have colonized Africa from Europe or Eurasia, sometime during the Ypresian or even at the earliest Ypresian, due to the climatic optimum recorded at the Paleocene/Eocene transition (PETM; . In any case, due to their diversity and widespread distribution in Africa as early as the late Ypresian or early Lutetian, it may be expected that these mammals have experienced an earlier phase of diversification in Africa during the Ypresian. Such a scenario is also conceivable for the teratodontines and hyainailourines.
Whatever are the exact geographic origins and early evolution of these rodents, hyaenodonts, and primates, it is clear that there was an important evolution of the North African mammal fauna after the EECO. For instance, the mammalian faunas from Chambi and Gour Lazib document the first adaptive radiation of hyracoids . Consequently, the faunal modification that affected hyaenodonts probably fit with a more gen-eral pattern that corresponds to a large modification of the mammalian faunas in the Maghreb, possibly due to inter-or intracontinental dispersals. This faunal turnover probably results from a modification of the African climate (cooling period) and vegetation (see above). Besides, the importance of the climate on Eocene mammals has been recently exemplified by Woodburne et al. (2009) who, based on the mammal fossil record, evidenced the existence in North America of a major faunal reorganization following the EECO event (Bridgerian Crash).
The presence of the fauna of "Assemblage II" in Namibia (Figure 9 .1) is interesting because it indicates, as noticed by Pickford et al. (2008) , that the fauna recorded in North Africa may have rapidly dispersed into the opposite extremity of Africa without significant delays. The mammals possibly dispersed along the Atlantic coasts through environments dominated by the tropical Asian palm Nypa. As summarized by Jacobs et al. (2010) , Nypa and other palms were present along Africa's coasts at low latitudes in the Paleocene and Eocene, probably related to the marine transgression. Nevertheless, the two taxa from the latter fossiliferous site are smaller than those from Northern Africa and support the existence of endemism as proposed by Pickford et al. (2008) .
The early Bartonian is notably characterized by the first appearances of hystricognathous rodents and anthropoid primates (Figure 9 .2); the temporal framework of this event was recently improved thanks to the discovery of the fossil locality of Djebel el Kébar, Tunisia (Bartonian, ~ 39.5 m.y.; Marivaux et al., 2014a Marivaux et al., , 2014b . These two groups likely invaded Africa from Asia. Because they appear in the fossil record only shortly after the middle Eocene global warming, the "Middle Eocene Climatic Optimum" (MECO), Marivaux et al. (2014a Marivaux et al. ( , 2014b questioned the role of this climatic event on this dispersal event. The hyaenodonts do not seem to have been affected by this important increase of the mammal diversity and the climatic modifications.
The Priabonian of North Africa is characterized by several new dispersals of mammals and diversification of some of those that were already present. These are: dispersal of the embrithopods into Northern Africa (Pickford et al., 2008; Vialle et al., 2013) , diversification of the proboscideans (Delmer, 2009; Sanders et al., 2010) , hystricognathous rodents (Sallam et al., 2009 (Sallam et al., , 2011 (Sallam et al., , 2012 Marivaux et al., 2014a) , anthropoid primates (Jaeger et al., 2010; Seiffert, 2010; Marivaux et al., 2014b) , and appearances of the ptolemaïds (Cote al., 2007) and possibly of the anthracotheriid artiodactyls (Holroyd et al., 1996) (Figure 9 .2). The latter probably dispersed from Laurasia (southeastern Asia?) into Africa (Holroyd et al., 2010; Lihoreau et al., 2015) , while the ptolemaïds, if they are afrotherians may have an ancient African origin (Cote al., 2007; Seiffert, 2007a) .
This latter period of faunal enrichment clearly matches with the diversification of the hyaenodonts in Africa, which is well exemplified by the appearance of the Apterodontinae (these latter being very original among hyaenodonts). As discussed by Grohé et al. (2012) , they possibly had a semiaquatic lifestyle. The restricted distribution of this subfamily could be explained following two hypotheses that could be complementary: (a) the apterodontines originated in this area (this is supported by their diversity in Dur at-Talah and in Egypt), and (b) the local environment favoured these semiaquatic predators. Regarding this question, it is worth noting that Liu et al. (2008) have proposed that the proboscideans Barytherium and Moeritherium from the Priabonian of the Birket Qarun localities (Fayum Depression) were at least semiaquatic and lived in freshwater swamp or riverine environments, and grazed on freshwater vegetation. This is mentioned here because these two genera are indeed also known in Qasr el Sagha and Dur at-Talah (Sanders et al., 2010; Sanders and Seiffert, 2014) , where the Eocene apterodontines have been found (Table 1) .
The reappearance of koholiines in the fauna of the Fayum ("Assemblage III") implies that the koholiines did not disappear from Africa but may have had a different or restricted geographic distribution during the Lutetian and Bartonian; they may have been present in the inland territories.
The Priabonian also corresponds to an extension of the distribution of both the hyainailourines and teratodontines toward the East of the Maghreb and Egypt. This homogenisation of the carnivorous fauna in Egypt could have started during the earliest Priabonian if the presence of teratodontine Masrasector in BQ-2 is confirmed. The presence of fauna characterizing the "Assemblage II" in Bir el Ater could result either from regional differences (stratification of the environments in Northern Africa) or could be due to a taphonomic bias.
The "Assemblage II" and "Assemblage III" have a very long stratigraphic distribution indicating of stable environment and fauna. Moreover, it seems that the "Assemblage III" did not suffer from the abrupt cooling (Oi-1) that occurred around the Eocene-Oligocene boundary. The teratodontine Masrasector is a good illustration because it is recorded from the Priabonian (L-41) and Rupelian (Quarries A and E) localities in the Jebel Qatrani Fm. In general, the mammals from the Fayum area were differentially affected by this climatic deterioration: for instance, Seiffert (2007b Seiffert ( , 2010 noted that this transition is marked by the local extinction (i.e., from Northern Africa) of several primate groups (Galagidae, Plesiopithecidae, Djebelemurinae, and Adapidae) and of one subfamily of Macroscelidea (Herodotiinae).
The "Assemblage III" ends during the Rupelian with a decrease of the hyaenodont diversity: the semi-aquatic apterodontines, which has dispersed into Europe at that time (Lange-Badré and Böhme, 2005), actually disappeared from Africa.
CONCLUSION
The African fossil record of hyaenodonts during the Paleocene-Eocene is scarce. Only 10 fossiliferous sites have contributed to our knowledge of this group. These data have, however, attracted much attention of the paleomammologists because hyaenodonts have possibly originated in Africa (Gingerich and Deutsch, 1989; Gheerbrant, 1995; Gheerbrant et al., 2006; Solé et al., 2009; Solé et al., 2014b) and were the only carnivorous mammals in Africa until the arrival of Carnivora (Late Oligocene; ~23 m.y.) (Rasmussen and Gutierrez, 2009 ).
The present study shows that the evolution of these mammals in Africa is furthermore important for understanding the global dynamic of mammal evolution in Africa. Our analysis of the hyaenodont evolution in Africa allows recognizing important reorganisations of the carnivorous faunas in the Maghreb during the Eocene. One of these faunal changes seems to be due to the cooling that succeeded to the EECO event; in contrast, the abrupt cooling event Oi-1 had seemingly no drastic effect on the hyaenodont fauna.
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Plain Language Abstract
For many years, palaeontologists from the Institut des Sciences de l'Evolution de Montpellier (France) focused on the origin and evolution of the African mammals during the Paleogene. In this framework, they work with geologists and palaeontologists from Tunisia (Office National des Mines) and Algeria (Université d'Oran and Université Abou Bekr Belkaid Tlemcen). Their field and collaborative works led to the discovery of numerous localities in North Africa that provided crucial data, notably for understanding the emergence and evolution of primates, rodents, bats, and afrotherians. A collaboration with F. Solé (Royal Belgian Institut of Natural Sciences; Belgium), who is interested in the evolution of the earliest carnivorous mammals, resulted in the publication of the hyaenodonts from the Gour Lazib area, an Algerian locality near the Ypresian/Lutetian Eocene boundary, in 2014.
The present study deals with the hyaenodonts from Chambi (late Ypresian or early Lutetian; Tunisia) and Bir el Ater (latest Bartonian or earliest Priabonian; Algeria). The fossil material provides new elements for poorly known Eocene hyaenodonts, which are the oldest ones for two African subfamilies: Hyainailourinae and Teratodontinae. The new fossils described also allow discussing the age of the two localities and understanding the evolution of these extinct predators in Africa.
This knowledge is important because (1) the hyaenodonts have been the only carnivorous mammals in Africa until the arrival of Carnivora (during the late Oligocene, 23 m.y.) and (2) because, above all, the geographic origin of this group is still debated. There is a global increase in the subfamilial richness amongst hyaenodonts during the Eocene. We, however, identified a modification of the hyaenodont fauna in the Maghreb after the "Early Eocene Climatic Optimum" (EECO), 53-50 m.y. This faunal change, which seems contemporaneous of a general drastic replacement in the composition of the African mammal faunas, might be related to the decrease of the global temperature after the EECO event, an important increase of the greenhouse. This faunal turnover could result either from endemic evolution or dispersals. Conversely, the African carnivorous fauna did not suffer from the abrupt cooling (Oi-1) that occurred around the Eocene-Oligocene boundary.
Resumen en Español
Nuevos fósiles de Hyaenodonta (Mammalia) de las localidades eocenas de Chambi (Túnez) y Bir el Ater (Algeria), y la evolución de los hienodóntidos africanos más tempranos Presentamos y describimos nuevos fósiles del Eoceno de África del Norte de localidades de Chambi (Túnez, Ypresiano tardío o Lutetiano temprano) y Bir el Ater (Algeria; Bartoniano más tardío o Priaboniano más temprano). Los especímenes de Chambi permiten el reconocimiento de dos Hyainailourinae recientemente descriptos: Furodon crocheti y Parvavorodon gheerbranti; estos taxones se conocían previamente del área de Gour Lazib (Algeria; Ypresiano tardío tardío o Lutetiano temprano). El nuevo material de Túnez incluye un dentario fragmentario de Parvavorodon que apoya substancialmente el estatus de Hyainailourinae de este género y representa el fragmento de dentario más antiguo conocido para un juvenil de Hyaenodonta en África. La presencia de Furodon y Parvavorodon en Chambi fortalece el apoyo de la hipótesis de contemporaneidad de las localidades portadoras de mamíferos eocenas Gour Lazib y Chambi. Además, el hallazgo de un cuarto premolar teratodontino típico en Chambi testifica la presencia de un pequeño representante de este grupo. El registro fósil en Bir el Ater es más escaso que en Chambi. Sin embargo, reconocemos especímenes atribuíbles a un Hyainailourinae y un teratodontino. Este último es referido a Masrasector cf. ligabuei, y es el registro más antiguo de este género. Identificamos tentativamente una modificación en la fauna de hienodóntidos en el Maghreb luego del "Óptimo Climático del Eoceno Temprano" (OCET). Este cambio faunístico puede estar relacionado con el descenso de la temperatura global luego del evento OCET. Sería contemporáneo a un recambio drástico en la composición de las faunas de mamíferos en África. Finalmente, el final del Eoceno (Priaboniano) muestra un aumento en la riqueza a nivel de subfamilia dentro de los hienodóntidos. 
